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Abstract
Background:  The combination of hyponatremia and renovascular hypertension is called
hyponatremic hypertensive syndrome (HHS). Malignant hypertension as a presentation has been
reported in adults with HHS but is rare in children.
Case presentation: An eighteen month-old male presented with drowsiness, sudden onset status
epilepticus and blood pressure of 210/160. The electrolytes on admission revealed sodium of 120
mEq/L and potassium of 2.1 mEq/L. The peripheral renin activity (PRA) was 172 ng/ml/min (normal
3–11 ng/ml/min) and serum aldosterone level was 91 ng/dl (normal 4 to 16 ng/dl). Patient
underwent angioplasty with no success, followed by surgical correction. Two years since the
diagnosis, the blood pressure is controlled with labetolol and amlodipine (at less than sixth of the
pre-operative dosages). The PRA is 2.4 ng/ml/min and aldosterone 15.5 ng/dl. The child not only
had three renal arteries on left but all of them were stenosed which to best of our knowledge has
not been described.
Conclusion: As uncommon as HHS with malignant hypertension may be in adults it is under-
reported in children and purpose of the case report is to raise its awareness.
Background
The combination of hyponatremia and renovascular
hypertension is called the hyponatremic hypertensive syn-
drome (HHS) [1-4]. The majority of patients reported
have been elderly, asthenic females, and in most the
underlying renal artery pathology was atherosclerosis [5].
Patients with HHS present with central nervous system
like headache, confusion, and may also have polydipsia
and polyuria [1,5,6]. Malignant hypertension (HTN) as a
presentation has been reported in adults with HHS but is
rare in children beyond infancy with few reports [6-8].
With renal artery stenosis (RAS), renin secretion is
increased resulting in high circulating angiotensin II (A-II)
levels, leading to HTN and hyperaldosteronism resulting
in pressure natriuresis [5]. We report an 18-month old
male presenting with seizures due to malignant HTN and
subsequently found to have HHS. As uncommon HHS
may be as in adults it maybe under-reported in children as
well.
Case presentation
An eighteen month-old male presented with drowsiness,
sudden onset status epilepticus and blood pressure (BP)
of 210/160 mm of Hg. Initially attempts were made to
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control seizures with anti-seizure medication with no suc-
cess. After starting nitroprusside drip and gradual decrease
of BP, the seizures stopped. The patient by then had pin-
point pupils and little spontaneous movement. The renal
sonogram was normal. The magnetic resonance imaging
(MRI) showed extensive intra-cerebral hemorrhage and
possible infarcts. A magnetic resonance angiogram (MRA)
of the kidneys revealed diminished blood flow to the left
kidney with at least two stenotic arteries (Figure 1). The
electrolytes on admission revealed a sodium of 120 mEq/
L and potassium of 2.1 mEq/L. The peripheral renin activ-
ity (PRA) was 172 ng/ml/min (normal 3–11 ng/ml/min)
and serum aldosterone was 91 ng/dl (normal 4 to 16 ng/
dl). His serum creatinine was 0.6 mg/dl. His weight was
8.6 kg (< 5th percentile) and height was 80 cm (10th per-
centile) and head circumference was 48.5 cm (25–50th
percentile).
The patient remained on ventilator for a week. Initially
rehabilitation potential was discussed but as BP was very
gradually lowered by 10 mm of Hg per day, the toddler
showed continued improvement in cortical function.
After a week the patient was able to breathe spontane-
ously, nitroprusside was tapered off, and BP was control-
led with intravenous (IV) labetolol and oral amlodipine
was added later. The 2-D echo cardiogram showed severe
concentric left ventricular hypertrophy (LVH). A nuclear
renal scan done with 0.1 mg of IV enalaprilat resulted in
decrease in BP from 150/110 to 90/60 mm of Hg and was
accompanied by ST changes on EKG suggestive of cardiac
ischemia. The result for RAS study was inconclusive as fol-
lowing drop in BP the radiotracer clearance from both
kidneys completely ceased. Prior to IV enalaprilat the left
kidney contributed 30% of overall function.
The patient underwent a renal angiogram (Figure 2) along
with percutaneous renal angioplasty. The angiogram
revealed three small renal arteries of 1 mm caliber each
with stenosis on left and a normal single right renal artery.
Angioplasty was attempted but the vessel would not
dilate. After prolonged discussions with the patient's fam-
ily a surgical correction was planned. Prior to surgical cor-
rection the patient was on oral labetolol 125 mg orally
twice a day (~25 mg/kg/day) and amlodipine 5 mg/day
(0.5 mg/kg/day).
The surgical correction of triple RAS on the left kidney was
performed ex-vivo while the kidney was in an ice-bath
(Figure 3). Aorto-renal bypass was performed to the three
renal arteries using a branched internal hypogastric artery
graft. Postoperatively, the BP was controlled with labe-
tolol and amlodipine that were gradually tapered.
Eighteen months since the surgery and 2 years since the
initial presentation he is on labetolol 25 mg twice a day
(current weight 14 kg; 3.5 mg/kg/day) and amlodipine
1.25 mg/day (0.08 mg/kg/day). The dosages are approxi-
mately one-sixth of pre-operative dosages. His BP is cur-
rently in the range of 100–110/ 50–60. The PRA is 2.4 ng/
ml/min, aldosterone is 15.5 ng/dl and the serum creati-
nine is 0.2 mg/dl. His LVH has regressed, MRI of brain has
normalized, and his milestones have caught up to age
appropriate levels. A nuclear renal scan done 18 months
post-operatively shows that the left kidney now contrib-
utes 40% of the total function.
The combination of HTN and hyponatremia can be
observedin a number of disorders including renal failure,
renin-secreting tumors, and RAS [5,7]. Renal ischemia due
to RAS results in increased renin secretion, resulting in
high circulating A-II, which raises BP and stimulates
aldosterone resulting in pressure natriuresis [1,9,10]. This
combination of hypereninemic hypertension with
hyponatremia is called HHS [1-4]. In adults HHS present-
ing with malignant HTN has been reported more often [5]
but in children beyond the neonatal age it has rarely been
reported [6-8]. The purpose of our case report is to
increase awareness of HHS presenting with malignant
MRA of the left kidney showing at least two renal arteries  with stenosis (black line) Figure 1
MRA of the left kidney showing at least two renal arteries 
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HTN in children (Table 1). Elevated renin levels are
pathognomonic finding in HHS [5,6,11]. The combina-
tion of renin-induced HTN and hyponatremia results in
HHS irrespective of the etiology (Table 1).
The renal ischemia leads to a sudden rise in arterial pres-
sure that can induce a pressure natriuresis through the
normal kidney, leading to volume depletion and further
renin release from the ischemic kidney [5,6,11]. Potas-
sium deficiency from hyperaldosteronism may further
stimulate renin secretion and intensify the vicious circle.
The hyponatremia itselfis presumed to result primarily
from stimulation of thirst and antidiuretic hormone
release [3,9,10]. Direct renal actions of A-II to retain water
in excess of sodium may also contribute.
In some cases with RAS, an option is to remove the
affected kidney as cure for HTN [12,13]. We did consider
the option but with 30% function in the affected left kid-
ney every attempt was made to salvage it. The incidence of
triple renal artery in one kidney is about 1% of population
[14,15]. The patient in our case report not only had three
renal arteries on left but also all of them were stenosed
which to best of our knowledge has not been described in
an eighteen month old. The failure of angioplasty because
of ~1 mm caliber of each of the vessels is not surprising.
The step-wise approach for investigation for RAS still
remains initial renin estimation followed by a captopril
scan for estimating the dependency of glomerular filtra-
tion rate (GFR) on A-II and, if needed, an angiogram com-
bined with angioplasty [12,16,17]. In our patient A-II
blockade during the first renal scan led to such profound
decrease in BP that the child had cardiac ischemia due to
hypotension. The BP of 90/60 at that time would be a nor-
mal BP for most children of his age but was relatively low
for him. Continuation of A-II blockade for treatment of
HTN would have led to loss of GFR mostly on the affected
side. As our aim was to preserve the left kidney function
A-II blockade was not a treatment option.
Our patient also suffered from failure to thrive, delayed
milestones, and speech delay prior to the control of HTN.
Two years later all of these symptoms have resolved. This
underlies the importance of measurement of BP and early
detection on HTN at any age.
Conclusions
In summary, in children the combination of hyperenine-
mic malignant HTN with hyponatremia (HHS) does
occur and ruling out renal ischemia due to RAS is strongly
recommended.
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Renal angiogram of the left kidney with triple renal artery  stenosis Figure 2
Renal angiogram of the left kidney with triple renal artery 
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Aorto-renal bypass Figure 3
Aorto-renal bypass: A. Triple (A, B, C) left renal artery stenoses B. Bifurcated left hypogastric artery autograft harvest C. A and 
B renal arteries spatulated and anastomosed D. Creation of a common renal artery E. End-end repair of left renal vein F. End-
side anastomosis of the new renal artery and aorta.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Nephrology 2004, 5 http://www.biomedcentral.com/1471-2369/5/5
Page 5 of 5
(page number not for citation purposes)
glomerular filtration rate (GFR)
Competing interests
None declared.
Authors' contributions
All authors were involved in management of the child and
manuscript preparation.
Acknowledgements
The authors wish to thank the Pediatric ICU staff and interventional radiol-
ogy staff. Written consent was obtained from the parents of the child for 
the publication of the study.
References
1. Tetsuou YT, Miyatake YY, Tanaka K, Suzuki T, Ohtsu F, Nagasawa K,
Fuji-i M, Tanaka S, Iino Y, Tamura K: Hyponatremic-hypertensive
syndrome associated with renovascular hypertension: a case
report. Circ J 2002, 66:297-301.
2. Bonnin JM, Edwards RG, Scroop GC, Skinner SL, Whelan RF:
Hyponatraemia and renovascular hypertension. Case report
with plasma renin and vascular sensitivity studies. Australas
Ann Med 1968, 17:315-319.
3. McAreavey D, Brown JJ, Cumming AM, Davies DL, Fraser R, Lever
AF, Mackay A, Morton JJ, Robertson JI: Inverse relation of
exchangeable sodium and blood pressure in hypertensive
patients with renal artery stenosis. J Hypertens 1983, 1:297-302.
4. Atkinson AB, Davies DL, Leckie B, Morton JJ, Brown JJ, Fraser R,
Lever AF, Robertson JI: Hyponatraemic hypertensive syndrome
with renal-artery occlusion corrected by captopril.  Lancet
1979, 2:606-609.
5. Agarwal M, Lynn KL, Richards AM, Nicholls MG: Hyponatremic-
hypertensive syndrome with renal ischemia: an underrecog-
nized disorder. Hypertension 1999, 33:1020-1024.
6. Dahlem P, Groothoff JW, Aronson DC: The hyponatraemic
hypertensive syndrome in a 2-year-old child with behav-
ioural symptoms. Eur J Pediatr 2000, 159:500-502.
7. Misiani R, Sonzogni A, Poletti EM, Cassinelli G, Gualandris L, Pericotti
S, Ghislandi R, Agazzi R, Belair MF, Bruneval P: Hyponatremic
hypertensive syndrome and massive proteinuria in a patient
with renin-producing leiomyosarcoma. Am J Kidney Dis 1994,
24:83-88.
8. Kaneko K, Shimazaki S, Ino T, Yabuta K, Nakazawa T, Takahashi H:
Severe hyponatremia in a patient with renovascular hyper-
tension: case report. Nephron 1994, 68:252-255.
9. Rosendahl W: High pressure diuresis initiates malignant
hypertension in the young. Clin Exp Hypertens A 1986, 8:799-804.
10. Sekkarie M, Olutade B, Peterson P: Multiple manifestations of
renovascular hypertension. Am J Kidney Dis 1994, 23:866-868.
11. Daftary AS, Patole SK, Whitehall J: Hypertension-hyponatremia
syndrome in neonates: case report and review of literature.
Am J Perinatol 1999, 16:385-389.
12. Chalmers RT, Dhadwal A, Deal JE, Sever PS, Wolfe JH: The surgical
management of renovascular hypertension in children and
young adults. Eur J Vasc Endovasc Surg 2000, 19:400-405.
13. Lang ME, Gowrishankar M: Renal artery stenosis and nephrotic
syndrome: a rare combination in an infant.  Pediatr Nephrol
2003, 18:276-279.
14. Hsu TH, Su LM, Ratner LE, Trock BJ, Kavoussi LR: Impact of renal
artery multiplicity on outcomes of renal donors and recipi-
ents in laparoscopic donor nephrectomy.  Urology 2003,
61:323-327.
15. Johnston T, Reddy K, Mastrangelo M, Lucas B, Ranjan D: Multiple
renal arteries do not pose an impediment to the routine use
of laparoscopic donor nephrectomy. Clin Transplant 2001, 15
Suppl 6:62-65.
16. Estepa R, Gallego N, Orte L, Puras E, Aracil E, Ortuno J: Renovas-
cular hypertension in children.  Scand J Urol Nephrol 2001,
35:388-392.
17. Courtel JV, Soto B, Niaudet P, Gagnadoux MF, Carteret M, Quigno-
don JF, Brunelle F: Percutaneous transluminal angioplasty of
renal artery stenosis in children. Pediatr Radiol 1998, 28:59-63.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2369/5/5/prepub
Table 1: Pediatric Cases of HHS beyond Infancy
Authors Year Number of cases Etiology Outcome
Dixit et al. current One Left renal arterial (3) stenoses Successful renal auto-graft
Dahlem et al. 2000 One Fibro-muscular dysplasia of left renal artery Nephrectomy
Kaneko et al. 1994 One Left renal artery stenosis Percutaneous transluminal angioplasty
Misiani et al. 1994 One Renin-producing leiomyosarcoma Removal of the leiomyosarcoma; relapse